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Test problems are essential for verification,
also helpful for new users learning the code

Test problems can be used for verification testing

Can promptly point to bugs introduced in the code

Provide simple fast demonstrations how to use the code

Provide good starting point for developing a new physics application
Suite of test problems is a part of code distribution, including

— Gravitational interchange instability

— Resistive drift instability

— Shear-Alfven wave

— Many others...

Most of these tests can be run automatically by existing scripts
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Most of these tests can be run automatically by existing scripts




Several steps are involved in setting up and running
example cases in BOUT++

C++ source file with
physics model, e.g.,
example.cxx
Binary executable, e.g.,

example.exe
Binary libraries

Output in a set of
binary files in PDB or
rid file in binary forma netCDF format

(PDB or netCDF), e.g., BOUT.dmp.0.nc
slabgrid.nc
BOUT.dmp.1.nc

etc

bout++.a, pvode.a etc

Options file BOUT.inp
in editable ASCIl format
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Binary executable, e.g.,
example.exe

rid file in binary forma
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Physics model for gravitational flute instability

From “Plasma physics and

controlled fusion” by F. F. Chen

To find the growth rate, we can Perrornl Uie Usual Hica i4cu wave
analysis {or waves propagating in the y direction: k = &§. The perturbed

ion equation of motion is

d
M(n,+ 12;)[5; (vo+w) + (vo+vy) - V(v + VI)]

=g(ng+n)E) + (vo+v)) X Boi + M(ng +n))g

We now muliiply Fq. [6-36] by 1 + (,/ng) to obtain

Mng+ n){vy - Vivy = e(ng+n)ve X By + M(ng+n))g

Subtracting this from Eq. [6-38] and neglecting second-order terms, we

have

(1\"]
My é‘i“*("{t'v)"l = eng(E; + vy X By)

FIGURE 6-11  Physical mechanism of the gravitational instability.

Physics equations in BOUT
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Equations for perturbations

Assumed equilibrium terms
are in balance

Vorticity equation combines
current continuity and
perpendicular momentum

Certain ordering assumptions
built in

=-V,- VN,




In the C++ physics model source file
equations are encoded in readable form

Source code for this physics model in File Edit Options Buffers Tools Ce+ Help

. . ope CexO0d s o WRIBT?
examples/interchange-instability/ R
Zfluid.cxx /¢ Heed to communicate jpar

jpar. applyBoundacy () ;
mesh-rconmunicate (jpac) ;

¥e = ¥i - jpar/NiO;
Ajpar = We;
telze

Setting up physics e - aspas < g

jpar = Hil*(Vi - Ve);

model in the code _ R ——

ddt{Ni) = 0.0;
iffevolve_ni) §
ddt(Ni) -= vE_Grad(Nil, phi};

I
ddt (N1} -= vE_Grad(Mi, phil) + vE_Grad(¥il, phi) + vE_Grad(Ni, phi);
ddt (N1} -= Vpar_Grad par(¥i, Ni0) + Vpar_Grad par (Wi, Ni) + Vpar Grad pari¥i, Ni);
ddt (N1} Nil+Div_par (Vi) + Ni*Div_par (Vil) + Ni*Div_paciVi);
ddt (N1} Div_par (jpar);
2.0*¥_dot_crad(blxcv, pe);
2. 0% (Wi0*V_dot CradibOxcy, phi) + Wi*¥_dot Grad(blexcv, phil) + Ni*¥_dot Grad(bOxcv, phi));

.
ddt (wi) +
ddt (ui) -

File Edit Options Buffers Tools C++ Help

D@ X OE ¥ WG & ?

// ELECTRON TEMPERATURE

ddt(Te) = 0.0;
if (evolve_te) |
ddt(Te) -= vE_Grad(Tel, phi) + vE_Grad(Te, phil) + vE_Grad(Te, phi);
ddt (Te) par_Grad_par (Ve, Tel) + Vpar_Brad_par (Vel, Te) + ¥par_0rad_par (Ve, Te);
ddt(Te) += 1. 33%+Tel*( ¥_dot_brad(blxev, pe) /Wil - v_dot_Grad(b0xcv. phi) ),
ddt(Te) += 3. 333+Tel*V_dot_crad (hlxcw, Te);
ddt(Te) += (0. EEEEEET/Ni0)TDiv_par K Grad _par (kapa_Te, Te);
}

/4 I0N TEMPERATURE

dde(Ti) = 0.0;
if {evalve_ti) |
dde(Ti) E_Grad(Til, phi) + vE_Grad(Ti, phil) + vE_brad(Ti, phi);
dde (Ti) par_Grad par (Vi, Til) + Vpar_Brad par (Vil, Ti) + ¥par_Grad_par(vi, Ti);
dde (Ti) 333+ ( Ti0*V_dot_brad(blxev, pe /Mi0 - Ti*v_dot_Grad(B0xcv. phi) );
dde (Ti) 333+Til*v_dot_crad (hlxew, Ti);
ddt(Ti) += (0. EEEEEET/Ni0)TDiv_par K Grad_par (kapa_Ti. Ti);
}

/4 WORTICITY

ddt(che) = 0.0;
if {evolve_rho) {
ot

ddt(rho) -= vE_Gradichol, phi) + vE_6rad(rho, phil) + vE_Grad(rhe, phi);
ddt (che) -= ¥par_Grad_par (Vi, rhol) + ¥par_Grad_par (vi, ctho) + Vpar_brad_par(Vi, the);
=/

~ F4AdE(tho) += 2. 0%BryV_dot_Grad(blxcy, peil;
V 3dt(rho) += 2. O*mesh->Bry*hDxcvBrad (pei) ;

~
- 2 W b X k . VP //ddt(rho) += Bay*Bxy*Div_pac (jpar, CELL_CENTRE);




Grid file can be generated with an IDL routine

In /tools/slab/slab.pro: Generating arrays of geometry and plasma parameters
and saving them in a binary file (NetCDF or PDB)

File Edit Options Buffers Tools Debuy IDLWAYE Help

File Edit Options Buffers Tools Debug IDLWAWE Help

DX 0@ 9 e BRGB P

e X 0B 0 L WREG P D
t [] 5slab geometry grid generator
; Optional keywords:

Set output file name
Use thin radial box approximatilon
s0 Bpxy = constant, but gradient is non-zero

Ton density in 10720 m~-3
lon temperature in eV
electron temperaturs in eV
; Fmaj
; rminor
; dr
; r_wid

Major radius [meters]

Minor radius [m]

Fadial width of hox [m]

FRadial extent, normalised to gyro-radius r wid = dr / rho i

Safety factor g = o*BL/(R*Ep) at middle of hox
Change in g. Will go from g-dg/2 to g+dg/2

Temperature length scale [m]
Density length scale [m]
Ratio of density to temp. length scales eta = L.n /LT

i

PRO slah, oubput=output, thin=thin, re=reg, ny=ny, $

ni=ni, Ti=Ti, Te=Te, 3
Emaj=Rmaj, rminor=rminor, de=dr, &
r_wid=r_wid, %
q=q, dg=dg, & ) ,
L T=L_T, L n=L_n, etz 1=eta_1

if not keyword_set(MZ] then nx = 68 ; Radial grid points

if not keyword_set(MNE) then ny = 32 ; Poloidal (parallel) grid points

vup_xout = [-1]
ydown_xin = [0]
wdown_xout = [-1]
nrad [rec]

I I i I I I A I S B R B S A S A B S B R A R S

PRINT, "Writing grid to file "+oukput

handle = file_open{output, /CEEATE)
; Size of the grid

file write(handle, "re", )
file_write (handle, "nv", ny)
Topology for original scheme
file write(handle, “"ixsepsl”, ixsepsl)
file_write(handle, “"ixseps2”, ixsepsZ)
file writeithandle, "Jvsepsl 1, jysepsl_1)
file_write(handle, "jysepsl 27, Jysepsl_Z)
file writeithandle, "Jvsepsi 17, JjysepsZ 1)
file_writethandle, "jvsepsi 27, JysepsZ_Z)
file write(handle, "ny inner', ny_inner);

W Do O W
mmmnwnwu

i Grid spacing

file_write(handle, "dx", dx)
file write(handle, "dv", dy)

file writehandle, "Shiftingle", Shiftangle)
file_write (handle, "=zshift", =z8hift)

file writeihandle, "pol angle", pol angle)
file_write(handle, "ShiftTorsion", dgdpsi)

{IDLWAVE Abbrew Fill)--L239--70%




And this is what the grid data looks like...




Code run is managed with a shell script

In examples/interchange-instability/runcase.sh

000 X/ emacs@hopperl0
File Edit Options Buffers Tools Insert Help
]

> cd <>/examples/interchange-instability ﬁﬁﬁ LB &
> source runcase.sh # Usage example: | /runcase, sh —w "aprun -n” -n 2 "
...code running... H0_ARGS=0

OPTERROE:65
> idl runidl.pro => produces plots

f-getting defaults
["]PIEXEC:”merun g

while zetorts mang option; do
) cage $option in
il
NP=$0PTARG;
0
MMPTEXEC=$0PTARG;
caac
done

echo "Running command: " $MPIEXEC $HP

i;ﬁgmpﬂe/ build local executable
Two cases, R=1 and R=10, Pt e o
are run by the script, S o
for different values of
radius of curvature

In -5 data 10 data
SUPTEREC SN, /2fludd
o -T data

#-check the result
#idl runidl, pro

--:—— runcase, sh 811 112 (8hell-script[sh])

o Tesloginear b




Options file BOUT.inp is used to change basic physics
numerical options without recompiling

In examples/interchange-
instability/data_1/BOUT.inp
data_10/BOUT.inp

Only difference in using different
geometry files:

grid = "slab.6b5.r1.cdl

grid = "slab.6b5.r10.cdl

000 X BOUT.inp - emacs@hyperion0.linl.gov
File Edit Options Buffers Tools Help

C@x 0B v ¥ L BQRGZE ?

% M settings file for BOUT++

#
# Interchange instability in a curved slab
#

# By default everything in NetCIF.

# To change to POB formakt, change the settings to
# grid="data/slab. 6b5. cl0. pdhb"

#  dump_format = "pdb"

# settings used by the core code

NOUT = 50 # mumber of time-steps
TIMESTEP = leZ & time between outputs

ShiftXderivs = false # use shifted radial deriwatives?
TwistShift = false # use twist-shift condition?

MZ = 65 # rumber of points in z direction (2-n + 1)
ZMIN = 0.0
THMAE = 2. 8505e-3

MEG = 2
MYG = 2

grid = "slab. 6b5. 10, cdl”

dump_format = "nc" # Output format. nc = NetCDF

# derivative methods
[ddx]

first = G2

second = G2

upwind = W3

[ddy]

first = G4

second = G4

upwind = W3
[ddz]

/ first = FFT
--:-- BOUT.inp (Fundamental) --L1--Top

Eeginning of buffer




Output is processed with IDL script
which produces plots, numerical values etc

In examples/interchange-instability/
runidl.pro

oOonOn

X/ runidl.pro - emacs@hyperion0.lInl.gov

File Edit Cptions Buffers Tools Debug IDLWaWE Help

@ 0B 9 F 0 BRGE P

-

£

i

-—:—— ymidl.pro

crun pdb2idl. pro
crun moment xyet. o pro

d = collect{path="data 1", war="N1", ==L, =30}
moment_xyzt, d, ms=nil

d = collect(path="data 10", war="N1", ==&, +=30)
moment_xyzt, d, rms=nill

tt = collectipath="data 10", wvar="t array")

wcl = collecti{path="data 10", war="wc1"

tt = tE[1:*] / wei

nil = REFORM(nil[0,0,1:+])
nill = REFORM(nil0[0,0,1:*])

;-compare with original test results (grendel, 31-jan-Z2007)

RESTORE, 'orig testo idl dat’

errorl=masc{abs ({nilorig-nil) fnilorig)) + max(abs{(nillorig-nil0) Anillorig))
print, "Deviztion from original test result 15", errorl+lel, * %"

set_plot, ‘PS5
device, file='interchange inst_test. ps'
safe_colors, /first

xtit="t, 5' & ybit='rms <Ni>' & tit='Interchange instsbility test'

plot, tt, nil, Jvl, psym=4, =tit=xbit, yhitsytit, tit=tit, chars=1.5, col=1, =ticks=3
oplot, tt, le-d*expitt+Z. Ze5),col=1

oplot, tt, nild, psym=4, col=1

oplot, tt, le-d*expitt+*6. 3ed),col=1, lin=2

oplot, tt, nilorig,psym=T, col=1
oplot, tt, nillorig, psyn=7, col=1

xyouts, Te-5, 0,15, "RO=10 n",col=1
xyouts, 4e-5, 1el2, "RO=1 n", col=1

; calculate growth rates

nlgl = MEAM(DERIV(tt, ALOG(nilerig)})
nlg MEBM (DERIV (tt, ALOG{nil)))

nld = 100, + ABSi{nlg0 - nlg) / nlgO

MEAN (DERIV(tt, ALOG(nillorig)))

nl0gd
MEAN(DERIV(tt, ALOG(nill)))

nl g

fl0d = 100, + 2BS{nl0g0 - nlOg) / nl0Og0
(IDLWAVE Abbrew F111)--L47--Taop

Begirning of huffer




BOUT++ correctly reproduces analytic answer
for the interchange mode growth rate!

Run results plotted in examples/interchange-instability/interchange_inst_test.ps

000 % gv: Graphics produced by IDL

| File | |State||Page| Portrait|| 1.000/|BBox|| Graphics produced by IDL || Tue Sep 13 18:36:16 2011 |
| Wariable Size

nterchange Iinstability tes
_ open | o 7
Print Al

Frint Marked
Save Al 1':]4
Save Marked

10°

rms <Ni>




Suggested exercises for practice

« Basic
— Run the interchange-instability case
— Run the IDL processing script
— View the plot

cd <path to BOUT++>/examples/interchange-instability
source runcase.sh

idl runidl.pro

gv interchange_inst_test.ps

* |Intermediate

— Read/understand/modify the source file 2fluid.cxx and scripts
runcase.sh, runidl.pro

« Advanced
— Try setting up a new simple case from scratch




Downloading and compiling BOUT++ on hopper

more /global/homes/u/lumansky/BOUT_Workshop 2013/README

module swap PrgEnv-pgi PrgEnv-gnu

module load gcc/4.6.3

module load netcdf/4.1.3

module load fftw

module load idl/bout

module load gv

setenv BOUT_TOP $HOME/BOUT_Workshop 2013/BOUT-2.0/
setenv BW13 /global/homes/u/umansky/BOUT_Workshop 2013
setenv IDL_STARTUP $BW13/idl_startup.pro

mkdir BOUT_Workshop_ 2013

cd BOUT_Workshop_ 2013/

git clone https://github.com/boutproject/BOUT-2.0.git

cd BOUT-2.0/

Jconfigure

make




